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| INTRODUC TI ON
The world population is now living longer than ever before in the human history. By 2050, people aged ≥60 years are expected to total 2 billion, up from 900 million in 2015. 1 While additional years provide the chance to pursue new activities or a long neglected passion, there is, however, little evidence to suggest that senior and older adults today are experiencing latter life in better quality and health than previous generations. 2 Although rates of severe disability have declined in high-income countries during the last 3 decades, there has been no significant change in mid-to-moderate disability. 1 Indeed, it is difficult to escape the simple fact that ageing is inextricably linked with decrease in cardiorespiratory functions and muscular performance 2 and an increased incidence of chronic comorbid conditions (eg cardiovascular and neurodegenerative disorders).
Thus, this fantastic demographic perspective is also going to confront our societies with enormous medical and societal challenges. 3 Sedentary lifestyle and its dramatic health consequences is one of them. 4 This is furthermore true when we consider that technological advancements over the last 50 years have also contributed to unfavourably modify our daily life towards sedentary. 5 Changes in transportation, communication and domestic entertainment technologies have fostered environments in occupational, home and social setting that demand or encourage less active lives. 6 Nowadays, about 60%
of the non-sleeping hours are spent in sedentary behaviours 7 , corresponding to alarming 8.5 h/d in adults aged ≥65 years. 8 This type of lifestyle further impinges the age-associated negative impact on cardiorespiratory and aerobic capacities, muscle wasting and on the incidence and course of chronic comorbid health conditions. 9 In order to counter this trend towards sedentary and disability, the current literature supports the benefits of regular physical activity. 10 As a result, exercise training (and more particularly aerobic training-AT)
is now one of the key components of the general lifestyle strategy to maintaining/improving physical, functional and mental health all along the life course according to the WHO (World Health Organization), including in senior and older people. 11 Indeed, interval aerobic training (IATP) is an effective way contributing to reverse some effects of chronic disease and keep ageing people living active, independent and even longer. 12 The tolerance is, however, often limited. 13 In order to improve this tolerance to IATP, a lightweight protocol including recovery bout periods (IATP-R) has been specifically designed. This short-term programme has recently demonstrated its feasibility, good tolerance and safety in sedentary seniors. 14 It was also effective in enhancing maximal cardiorespiratory and endurance parameters 14 and in improving resting systolic and diastolic blood pressure and vascular dysfunction in sedentary seniors. 15 All these benefits were of similar extend to what there were reported with usual IATP and with medium-or long-term continuous AT programmes. 14 Here in below are reported results concerning the impact of IATP-R on walking and balance performances, cognitive functions, mental health and quality of life (Q oL). They result from a randomised controlled trial conducted in functionally independent but sedentary volunteers aged ≥70 year living in the community.
| MATERIAL S AND ME THODS

| Study design
The study was a prospective and open-label randomised controlled trial conducted in the frame of the consultation of Physical Aptitude Assessment for Health (CAPS in French language) of the University Hospitals of Strasbourg (France). The original design was previously described. 14 Briefly, sedentary seniors were randomly assigned with a 1:1 ratio into the IATP-R or control group from December 2014 to October 2017 using computer-generated random numbers per- 
| Population study and inclusion/noninclusion criteria
As previously described, 14 following a request for research study subject recruitment, seniors were invited to participate in this clinical trial
What is known
• Sedentary lifestyle is associated with poorer health in seniors.
• Indeed, sedentary further impinges the impact of the ageing process on muscular performance, cognitive function and general health.
• Interval aerobic training programmes (IATP) are now part of the general lifestyle strategy to maintaining optimal physical, functional and mental health among seniors.
• IATP with recovery bouts improved the tolerance to IATP, but its associated health benefits are still poorly investigated.
What is new
• This is the first randomised controlled study assessing the benefits of the lightweight interval aerobic protocol including recovery bout periods (IATP-R) on different seniors' health facets other than cardiorespiratory and endurance parameters.
• This study shows that 9.5-week IATP-R is associated with significant improvements on walking and balance performances, cognitive and mental health and quality of life in previously sedentary seniors .
( Figure 1 ). To be eligible, volunteers had to be aged ≥70 years, functionally independent but living a sedentary lifestyle (ie International
Physical Activity Questionnaire score <2). Once selected, they had to complete a medical interview and physical examination. First, functional independency and autonomy were assessed according to the Katz's activities of daily living (ADL) and Lawton's instrumental Follow-up for 9.5 wk
Final analysis
Withdrew:
-Herniated disc (n = 1) 
| Cognitive assessment
Blind to the participants' group allocation, a skilled neuropsychologist conducted the cognitive assessment in all participants. 
| Verbal fluency tasks
| Trail making test
The 2 parts that compose the Trail Making Test (TMT) were considered. They consisted of 25 circles distributed over a sheet of paper.
In part A, the circles are numbered 1-25, and the participants had to draw lines to connect numbers in ascending order. In part B, the circles included both numbers (1-13) and letters (A-L). Participants had to draw lines to connect circles in an ascending pattern but with the added task of alternating between the numbers and letters. They were instructed to connect the circles as quickly as possible, without lifting the pen or pencil from the paper. Results for both parts were reported as the amount of time (in seconds) required to complete the task; greater time reflected greater impairment. 
| Paced auditory serial addition test
The Paced Auditory Serial Addition Test (PASAT) was presented using compact disk to ensure standardisation in the rate of stimulus presentation. Single digits were presented every 3 seconds and the participants had to add each new digit to the one immediately prior to it. The score for the PASAT was the total number correct out of 60 possible answers, and the total number of correct responses summed over all trials (composite score). 
| Goldberg anxiety and depression scale (GADS)
The Goldberg anxiety and depression scale (GADS) is an 18-item self-report symptom inventory. The global score was based on responses ("yes" or "no") to 9 depression and 9 anxiety items, asking how participants have been feeling over the last month. Anxiety score ≥5 or depression ≥2 were considered as a 50% risk of a clinically important disturbance. 
| Quality of life assessment using the 12-item Short form Health Surveys (SF-12)
The SF-12v2 ® is a generic assessment of the health-related QoL.
Administrated by a trained assessor, it addressed 8 health domains.
Due to the brevity of the assessment, only two scores were given 
| Assessment of functional performance
Blind to the participants' group allocation, a skilled physiotherapist conducted the functional assessment in all participants.
| The 6-minute walk test (6-MWT)
For the 6-minute walk test (6-MWT), all participants were asked to cover the maximum possible distance over 6 minutes by walking.
The test was performed in accordance with usual instructions 25 in a 50-m long unobstructed corridor. The total distance crossed was measured in metres. 
TA B L E 1 Descriptive analysis of volunteers' characteristics at baseline (N = 60)
Comorbidities
Charlson Comorbidity Index (mean ± SD) 3.8 ± 1. 
| Timed Up and Go (TUG) test
The timed up and go test was considered for gait and balance assessment. 26 Participants were asked to rise from an armless chair The test was performed twice consecutively, and scores averaged for analyses.
| One-leg balance test
During the one-leg balance test, participants were asked to choose the dominant leg to stand on, flex the opposite knee allowing the foot to clear the floor and balance on one leg as long as possible. It was recorded whether the subject was able to balance for 5 seconds with eyes opened. 
| Short physical performance battery tests (SPPB)
The short physical performance battery tests (SPPB) was used as a predictive tool for disability and to monitor functional ability. 28 It is composed by three components: balance, timed 4-m walk and chair stands. The standing balance required participants to maintain a side-by-side, semitandem and tandem stance for 10 seconds, with scores ranging from 0 to 4 (maximum score).
The fastest time of two 4-m usual-pace walk attempts was con- 
| The cardiopulmonary exercise testing (CPET)
A cardiologist, blinded to the group allocation, supervised the CPET which was performed on an upright electronically braked cycle er- 
| The interval aerobic training programme with recovery bouts (IATP-R)
The IATP-R was performed on an upright electronically braked TA B L E 1 (Continued)
| Control group
Participants in the control group were asked to maintain their current sedentary lifestyle during the 9.5 weeks of the study period.
The respect of this recommendation was controlled on a weekly basis through a phone call during which participants confirmed that they were not engaged in any specific exercise or training programmes. At the end of the study protocol, all these volunteers were offered to engage in a supervised IATP. HR at baseline VT 1 , MTP, VO 2peak and HR max ) 14 and was estimated to be 81%, with a type I error rate of 5%. The expected sample size was 65 participants per study group. In the experimental protocol, it was planned an interim analysis at the time when 60 of the volunteers were recruited with the possibility to discontinue the study according to the direction and amplitude of the results. The effect of the intervention was estimated by the interaction term β 3 . For the computation, low informative prior probabilities (ie a β mean equal to 0 and its variance equal to 1000) then more informative prior probabilities were considered for a sensibility analysis. For the posterior probability distributions, 95% credibility intervals were calculated and posterior probabilities of a difference given the data, written down P or probability, were given. A probability >.975 or <.025
was considered statistically significant because in Bayesian paradigm, there is no inflation of the alpha type I error with interim analyses.
| RE SULTS
The participants' characteristics at baseline are presented in Table 1 .
The participants mean age was 73. Figure 1 . It was also found a significant improvement in both PCS (+23.1% vs −13.3%) and MCS (+8.2% vs −7.1%) QoL score.
| D ISCUSS I ON
The present randomised study aimed to measure the impact of IATP-R on functional performance, cognitive and mental health and QoL in sedentary seniors. With an adherence rate of 94.7%, the engagement in this personalised short-term training programme was associated with significant benefits in walking and balance performance tests, cognitive functions, mental health and QoL among older adults. Thus, this study provides complementary arguments about the multidimensional benefits of AT in senior population. This is of particular interest when the age-associated incidence of chronic comorbid conditions, mood and neurodegenerative disorders, reduced aerobic and endurance capacities and increased sedentary lifestyle are taken into account. 4, 8, 31, 32 In the present study, although the majority of participants were considered with a normal global cognitive functioning, 9.5 weeks of IATP-R had in spite of this contributed to enhance number of cognitive abilities such as attention, mental flexibility and working
memory. Despite a reduced volume of total aerobic activity com- recently, 12-week of AT, but at higher intensity, increased the attention capacity and of abstract reasoning; whereas no improvement was observed in the executive functions considered. 36 Despite a greater total volume of exercise in the aforementioned study (ie longer duration training at a higher intensity in Ref. 36) , shorter duration at moderate intensity was in the present study efficient enough to induce enhancement in executive functioning.
In turns, some authors have reported that these benefits on cognitive functions, 37 and particularly when effects of short-term programmes were considered, be directly due to improvements in mood and QoL. 33, [38] [39] [40] In the present study, volunteers of IATP-R group presented a greater QoL and a lower depression score after training programme compared to baseline and control group values 9.5 weeks later. Indeed, this trial has shown a beneficial effect on mental health and well-being although the rates of clinically significant depression and anxiety were very low. This is also consistent with previous reports from which the benefits of AT on mental health and well-being were reported. as suggested by others. 47 The lack of significant difference between the two groups on anxiety score is easily explained by the fact that the incidence of anxiety disorders in both groups was closed to zero at baseline. Overall, the benefit of IATP-R on mental health could be explained rather by cumulating factors interacting one to the other than through a cascade of multiple specific pathways. Thus, three underlying mechanisms can be hypothesised which ones are certainly mixed all together to explain the reported benefits. The activation have been reported in the literature. 51, 52 We, therefore, suggest that the IATP-R experienced the most profound structural and functional neural adaptations which enabled training group to better perform cognitive tests better compared to controls.
In addition to improve cognitive and mental health, it is important for older adults to maintain or enhance their functional fitness which is a contributor to maintaining a good QoL in later life. 53 As hypothesised, the IATP-R induced greater improvement in functional performance compared to controls. Thus, we report enhancement in both static and dynamic balance (one-leg balance test, SPPB and TUG test).
The improvement on these outcomes is of particular significance, given that having a good balance is also important for maintaining postural balance and thus for the avoidance of falls among healthy seniors. 54 These results are in line with previous trials conducted among seniors.
For example, dance-based aerobic exercise improved static balance and thereby attenuating risks of falling. 55 58 This might suggest that IATP-R, which was initially designed to enhance cardiorespiratory fitness, 14 is also able to improve muscle fitness in lower limbs, particularly local muscle endurance, in sedentary and functionally independent seniors. 59 In addition, the ability to walk longer and faster (+56 m at the 6-MWT) which is dependent on cardiovascular function, but also reflects the role of lower limb power and strength in the energy cost of walking was also improved as previously reported with IATP. 60, 61 This is also an important component for good QoL and a contributor to independency. 59 This study had, however, some limitations for the most resulting from the sample size. First, it was relatively modest limiting our analysis in explaining whether it was the IATP-R itself or the social aspects of the intervention that have led to improve the cognitive functions and mental health. Second, while the outcome assessors were blind to the group allocation, participants knew that they were in IATP-R or not. This could have led to bias in the improvement of cognitive, mental health and QoL assessments notably with better score among those allocated to the IATP-R group. Because participants enrolled in the training and not in a sedentary group can be more motivated and hence more implicated in the success of the study in which they were enrolled. Finally, the generalisation of the results is also further restricted by the voluntary based of the study enrolment. While the results were statistically significant for all of the outcomes considered, the efficacy of the IATP-R has still to be addressed in a larger population and more representative of the senior population. Participants with specific age-associated chronic comorbid conditions have also to be enrolled in future studies.
| CON CLUS ION
Although a relatively short-term period, supervised exercise intervention focusing mainly on lightweight interval aerobic training specifically designed with active recovery bouts could be an effective lifestyle intervention for reducing the combined harmful effect of sedentary and the ageing process on cognitive and mental health and functional performance. The intrinsic characteristics of the IATP-R have certainly and largely contributed to these short-term benefits which should be now evaluated in larger and less selected senior population.
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